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SUBSTRUCTURE ANALYSIS TECHNIQUES AND AUTOMATION
By Carl W. Hennrich and Edwin J. Konrath, Jr.

Software Sciences, Inc.
Hampton, Virginia

SUMMARY

A basic automated substructure analysis capability for NASTRAN is
presented which eliminates most of the logistical data handling and generation
chores that are currently associated with the method. Rigid formats are pro-
posed which will accomplish this using three new modules, all of which can be
added to Level 16 with a relatively small effort.

INTRODUCTION

Prior to Level 15, no real substructure analysis capability existed in any :
NASA released version of the NASTRAN program. With the pre-release of Levels 8 7
and 11, users began expressing the desirability and necessity for a substructure
analysis capability. Several user organizations attempted, with limited success,
to accomplish substructure analysis by using the checkpoint/restart capability .
of NASTRAN coupled with the direct matrix abstraction (DMAP) apprcach. Other o
organizations utilized user-developed utility modules and Rigid Format DMAP alter e
packages, thus ‘aking advantage of the Rigid Formats whenever possible.

The latter method with an expansion of user options was adapted by NASA
for inclusion in Level 15 and is fully described in Section 4.3 of the Theoreti-
cal Manual (reference 1) and Section 1.10 of the User's Manual (reference 2).
The casual user may well be quite frustrated with this method since its generality .
requires the user to design a specific approach for the problem at hand. This N
involves externally generated partitioning vectors as well as DMAP alter packets L
which are often unfamiliar to the engineer user. In addition, little assistance
is provided in the form of qualitative verification of the hand-generated cou-
pling data or of the resulting coupled matrices. The probability of undetected :
user-generated errors in this process is therefore rather high. Furthermore, W
the user must develop customized DMAP packages for any problem that does not
match the currently published substructure alter packages. o
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The currently available Level 15 technique was intended as a general but
preliminary capability. The upgrading of this capability with user conveniences
and qualitative data checks has been requested by many. As NASTRAN's sub-
structure analysis capabilities arc improved, serious users will explore many
different approaches. Several techniques and utility module designs developed
by necessity will be discussed for use with Levels 15 and 16. Along these
lines, severul aids are suggested herein. Some take advantage of existing
code and capability while others indicate the need for additional user-developed
utility modules as well as modifications to several existing modules. The
techniques discussed are intended for the casual engineer user and are there-
fore used somewhat more rigidly than might normally be expected with utility
modules. It is hoped, however, that the concepts described will stimulate other
serious user teams to develop structurally-oriented and utility modules to ease
the difficulties encountered in carrying out an effective substructure analysis.

A11 new and modified routines and modules are based on the Level 16
version of NASTRAN currently undergoing validation. Many of the techniques
described are valid for Level 15, however, and can be installed in that level
with slightly more difficulty since many Level 16 features will also have to
be installed. It should be possible for a reasonably competent experienced
team to install the capability described with a nominal effort.

SYMBOLS
K Stiffness matrix
P Load vector matrix
u Displacement vector matrix
G Transformation matrix
M Mass matrix
Subscripts:
f Free (unconstrained) set
a Analysis (boundary) set
0 Omitted (interior) set
g A1l degrees of freedom set
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Superscripts:
T Trancpose operator
-1 Inverse operator
EE Substructure index
Related only to the omitted (interior) set
Other Symbols:
Pre-red'iction portion of a matrix
Matrix
Matrix of vectors
Related to pseudomodel.

Symbols a,_earing in the appendices are defined in the appropriate
appenaix as necessary.

OBJECTIVE AND SCOPE

A sample substructure analysis model is shown in figure 1. The grid
points on the top surface of this model which are to be coupled are identified
by letters. Substructure analysis implicitly assumes that each substructure is
analyzed separately and subsequently combined with other previously analyzed
substructures to form a pseudostructure as shown in figure 2. Once the pseudo-
structure is solved, the detailed solutions for each of the substructures may
be obtained by a set of data recovery runs. The objective of the techniques and
new capability to be presented herein is to define a basic substructure analysis

capability which will require a minimum amount ot user-generated data and
logistics.

With this objective in mind, the scope will be limited to providing a
basic capability; therefore, many desired features will be omitted in order to
focus attention on the fundamenta]]y important capabilities. In the discussion
that follows, the lin'tations that result from this restricted scope will be
identified. It should be kept in mind that most, if not all, of these limita-

tions can be removed by additions to the basic capability once it is implemented.
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DISCUSSION

The theory, utilization and programming aspects of NASTRAN's substructure
analysis capabilities are discussed in references 1-3. Necessary and desirable
features of any substructure analysis capability have been given by many, in-
cluding papers presented at the first Users' Colloquium (references 4 and 5).
For ease of reference, the basic theory is given in the following section as an
aid to the interested reader.

The difficulty in carrying out a substructure analysis with NASTRAN 1ies
in the logistical procedures rather than with any inherent deficiency with
NASTRAN itself. This logistic problem is illustrated in fiqures 2 and 3 where
the number of runs and retainable data files is seen to be large. The data
requirements for substructure analysis in Levels 15 and 16 and for the capa-
bility described in this paper, which we shall designate Level 16.X, are
tabulated in table 1.

The major disadvantages to the current (Level 15) substructure analysis
capability of NASTRAN are:

1. The user must generate partitioning vectors

2. A DMAP alter packet appropriate to the problem being run
must be created.

These disadvantages can be overcome relatively easily if a few modest restric-
tions are imposed. This will be illustrated for the two most commonly used
rigid formats, Static Analysis and Normal Modes Analysis which, when upgraded

as described herein, will not require the generation of an alter packet to run.

The restrictions that will be imposed are listed in table 2 and are
summarized here.

1. Only one (1) level of substructure analysis is supported,
consisting of a maximum of twenty (20) substructures.

2. The degrees of freedom at coupled boundary points must
agree in number, meaning and direction.

3. The internal sequence of all points on the boundary between
any two substructures must be the same.

4, A1l subcases must be defined in all runs.
5. Output may be obtained during Phase II for any degrees of

freedom present as identified by the pseudostructure map
printout (see fig. 4).
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| at some grid point in another substructure), and the o-set, which contains the
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Advantage features provided are:

1. If the grid points of the substructures are numbered uniquely,
the user may request automatic coupling to occur. If excep-
tions occur, they may be handled by means of bulk data.

2. The minimum required data are the DTI data cards defining the
number of substructures present and other logistical control
information.

3. If topologically equivalent substructures are present, only
one needs to be input: coupling data cards will be required
in this case since ti.e grid points are no longer unique.

Level 16.X overcomes the most serious objections by providing an auto-
mated capability. This capability is implemented by the addition of new s
modules, rigid formats, and a user-oriented data table specification. These
facets are discussed in the sections which follow the theoretical discussion.
As far as the rigid format is concerned, the new modules appear as structural
matrix assemblers similar to SMA3 with the substructures appearing intern21ly
as arbitrarily defined super elements.

THEORY

The basic theory used as a basis for the implementation of substructure
analysis is presented here for the convenience of the reader. Full treatment
is given in Section 4.3 of the Theoretical Manual (reference 1). The NASTRAN
set notation will be employed.

For static analysis, the free (f) degrees of freedom of the substructure
are allocated to the a-set, which contains all boundary degrees of freedom,
(i.e., degrees of freedom which are to be coupled to similar degrees of freedom

non-boundary degrees of freedom. The equilibrium equaticns are written as

mx
[«]
=
-
1
-]
"

- ]
Kaa :
SR Il A S ST o (1)
t 1,’2
Koa | Ko Yo Po . ?
from which
(Ka.](ua} = {Pa} (2)
o
i
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where
[h) = [K,1+ [6,7[K,,] (3)
(P} = (P} + [G,)TiP,) (4)
and I (% ) U (5)

Also, the displacements of the interior points are given by

_ .0
{ugb = {ug}+ [Go]{ua} (6)
where {ug} = [Koo]']{Po} . (7)

Equations 3, 4, 5 and 7 can be carried out in Phase I. Equation 2 must be
deferred to Phase II where the missing contributions to [Kaa] from the other

substructures are available. Equation 6 consists of two parts, one of which
(equation 7) is evaluated in Phase I. The other part depends on the solution
generated in Phase II. Equation 6 is therefore done in Phase III.

In Phase 1I, the substructure boundary matrices [K;a] and {P;}, which

are brought in from User Files generated by the Phase I runs, are expanded to
pseudomodel g-size.

i A
[Kyad = LKyl (8)
i, o rof
(P} == (P) (9)
and added to form
~ - A.‘
[Kgq) z; (Kgg) (10)
5 of
Py} %:{Pg} (m)

from which a normal solution proceeds.
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After the solution {ug} is obtained, the boundary displacements are simply

 extracted by
.i ~
{ua}~<~ {ug} . (12)

The merge and partitioning operations defined by equations 8, 9 and 12 require
information identifying degrees of freedom in each substructure with corre-

sponding degrees of freedom of the pseudomodel.

For normal modes analysis, the mass matrix is arbitrarily reduced via
the Guyan reduction

M0 = (M, 1+ M, 2706,0+ (6 1M 3 + [6,17IM 26,3 (13)

described in reference 6 and carried into Phase Il in the same way as [an].

In dynamics rigid formats, the viscous and structural damping matrices
are similarly treated.

NEW MODULE DESCRIPTIONS

Three new modules are presented in this section which form the basis for
the automation of the basic automatic substructure analysis technique. These
modules can be either added to DMAP alter packets currently being utilized or
to new rigid formats as will be shown in the following section.

The three new modules are:

SSMA Substructure Matrix Assembler
SSVE Substructure Vector Extractor
UDBR User File Dato Block Recovery

Descriptions of these modules are presented on the following pages using the
format prescribed for Section 5 of the NASTRAN User's Manual.
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NAME : SSMA (Substructure Matrix Assembler)

——

PURPOSE: Generates matrices from substructures -

1. Obtaias substructure matrices and other data from designated
User Files.

2. Assembles g-sized stiffness, mass, viscous damping, structural
damping and/or load vector matrices for all substructures
designated.

3. Outputs appropriate diagnostic and information messages and
summary information.

DMAP CALLING SEQUENCE:

SSMA GEPM4 ,UFTABLE / K,M,B,K4,P,PSD / C,Y,PPPT / C,Y,GENSAME /
V,N,LUSET $

INPUT DATA BLOCKS:

GFPM4 - Contains SAME data
UFTABLE - User File information

QUTPUT DATA BLOCKS:

K,M,B,K4,P - Stiffness, mass, viscous damping, Structural damping
and load vector matrices

PSD - Pseudostructure data table

PARAMETERS :

FOPT - Integer-input, default=1.
=+], print pseudostructure map
=-1, do not print map

GENSAME - Integer-input, default =-1.
=-1, coupling data is taken from GE@M4
=+], automatic coupling based on grid point identification

numbers will be employed (GE@M4 data is also used if
present).

LUSET - Integer-output, default=0. Number of degrees of freedom
in pseudostructure g-set.

N
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REMARKS :

1. SSMA will read User Files INPT, INP1, INP2, ~---, INP9 as specified
by the data on UFTABLE.

2. Any or all outputs may be purged.
3. GEPM4 may be purged if GENSAME=+1.
4, UFTABLE may not be purged.

NAME : SSVE (Substructure Vector Extractor)

PURPOSE: Generates a User File containing substructure boundary
displacement vectors.

DMAP CALLING SEQUENCE:
SSVE PSD,LA,UGV // $

INPUT DATA BLOCKS:

PSD - Pseudostructure data table (generated by SSMA)
LA - Eigenvalue table
UGV - Displacement vector

QUTPUT DATA BLOCKS: None

PARAMETERS: None

REMARKS :

1. Companion module to SSMA, requires pseudostructure data table (PSD)
output from SSMA as input.

2. SSVE will write a User File on INFT, INP1, INP2, ---, Or INP9 as
sgecified by the data block UFTABLE and passed to the module via
PSD.

331




II.

C s .

-~

v,

. s % S g T P G

VI.

g
. . T '
- T -

o e

ITI.

VII.

NAME: UDBR (User File Data Block Recovery)

PURPOSE: Recovers data blocks from a giver User Fi.

according to

information contained on a directory data block (the first data block

on the file).

DMAP CALLING SEQUENCE:

11DBR / DbB1,DB2,0B3,0B4,08, / C,Y,SUBID / C,Y,UNIT / C,Y,USRTPIDZ §

INPUT DATA BLOCKS: None

OUTPUT DATA BLOCKS:

DBi - Data Blocks recovered by module.

PARAMETERS :
SUBID - Integer-input,default=0. Substructure identification
number.
UNIT - Integer-input,default=0. Permanent file code as follows:
0 INPT
1 INP1
2 INP2
9 NP

USRTPID2 - BCD-input, default=XXXXXXXX. User File identification

~ode.

REMARKS :

1. The lser File is assumed to have been generated by module SLVE.

2. The number and kind of data blocks recovered depends on the

directory data block contents.
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NEW RIGID FORMATS

In order to simultaneously use the new utiiity modules previously defined

Eznd to relieve the user of the burdensome chore of preparing DMAP alter packets,

Biew rigid formats have been developed, one for each major analysic capability.
Btatic Substructure Analysis, Rigid Format 16, is given in Appendices B, C and
E) where the solution subset numbers 1, 2 and 3 are indicative of Phase I, II
#nd I11, respectively. If subset O (s.e Appendix A) is used, an ordinary Static
Finalysis will result. Normal Modes Substructure Analysis, Rigid Format 17, is

f 1lustrated for Phase II by Appendix E. These new rigid formats are fully
g.ompatible with all existing displacement rigid formats, including restart cap-
Mbility, as defined by Rigid Format Series N which is scheduled for Level 16 of

JIASTRAN.

Many of the DMAP instruction sequences contained in these rigid formats
:an be used by current Level 15 users with appropriate caution.

USER DATA REQUIREMENTS

The Phase II coupling process requires that matrices and data tables
enerated in several Phaze I runs be recovered from User Files. Many possible
ata input configurations are possible, depending cn the sequence of Phase I
uns and reruns which led up to the Phase II analysis. In order to allow the
reatest amount of flexibility in the automated process, a table data block
ontaining user file information will be used to control the Phase II assembly
rocess. This can ultimately be generated from a Case Control packet. For
he purposes of the current design, however, this table will be assumed to be
input via DTl bulk data cards as illustrated in figure 8 and described in some
etail in Appendix F. The UFTABLE data block that results will be required
input to module SSMA previously discussed. Future expansion to include cortrol
f the loud assembly process, as well as features not currently envisioned, is
2asily accomplished since the records of table data blocks are open-ended.

USAGE :

The usage of the capability just presented is shown by the sample data

decks in figures 5, 6, 7 and 8. It is to be emphasized that, within the

limitations previously described, the burden on the user is minimal. The
primary requirement is that the small UFTABLE data block be prepared on DTI
cards for input to Phase II. Job control language is still necessary, of
course, and will not be discussed here since the subject is not only machine-
dependent but usually highly installation-dependent as well.
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The user accomplishes substructure matrix generation (Phase I) as
presently described in the Level 15 User's Manual without the alter packet.
The new modules SSMA and SSVE are used to automate the matrix coupling (Phase
II) and thereby eliminate the chore of generating complicated DMAP alter
packets. No longer must the user supply the input, merge, add, and equivalence
statements for the coupling of each matrix of every substructure. Now one
module (SSMA) replaces all of the above-mentioned DMAP statements. The user
supplies only substructure names and identification values via bulk data cards
to inform SSMA how many substructures are being coupled and to relate the sub-
structures to user-supplied coupling data. The substructure's parameter value
is used to indicate the presence of identical substructures. The user may also
include user file labels from Phase I, names of matrices to be read from each
user file, and, when tapes are used, the installation's tape code when re-
questing multiple-reel tapes. All tape changes and mount requests are handled
similarly to the current NASTRAN user tape modules with the exception that the
user is uninvolved once the installation's job control language requirements
are met. NASTRAN with one module (SSMA) now requests user tapes, verifies the
correct mounting and builds all the coupled matrices, taking full advantage
of any identical substructures that exist. Module SSVE is similaiiy used to
request an output tape and uncouple the substructure solution vectors.

As a final indication of the usefulness of the techniques developed, the
sample problem used in reference 2 is presented in Appendix G. It is seen that
truly little effort is required on the part of the user to prepare data for a
substructure analysis using Level 16.X features.

FUTURE IMPROVEMENTS

Once the basic capability becomes implemented, an environment will exist
with respect to which improvements can be made. Several of these potentially
useful improvements are described in the paragraphs which follow.

One early addition should be to provide data checking capability for
points being coupled between substructures. These checks will require that
additional geometric information about boundary grid points be carried forward
from Phase I. This information can then be automatically recovered in Phase
IT via SSMA and either used inside that module or passed out of the module in
the form of data blocks to be used by other new modules.

Another improvement which can be added relatively easily to the basic
capability is the ability to introduce and symbolicaily manipulate and generate
geometrically related loading conditions in Phase II. This also requires the
availability of additional geometric information in Phase II. At this point,
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it will be possible to introduce direct matrix input as a representation of
Toading conditions. This capability will complement the existing capability
for users who may desire to input loading matrices generated by programs
external to NASTRAN.

The ability to relate degrees of freedom of the pseudostructure to
externally designated degree of freedom descriptions in Phase II requires only
that the correspondence be known. Since this information is contained in the
ASET data blocks input from the Phase I runs, it is easy to conceive of a
translator module which will accept data referencing external degrees of

freedom (e.g., SPC, PMIT, FPRCE cards) and generate equivalent data blocks con-

taining internal pseudostructure degree of freedom descriptions. With this
capability, analyses of pseudostructure models can be carried out as if they
were simple structures.

Non-conforming boundaries can be handled with an extra transformation
step. If [Q] is chosen so that the transformed displacement vector

i = Q1w (14)
has the desired sequence but the same values, then

@' = ff (15)
and the conformable matrices and vectors ave easily computed 1s

k* = [Q1'[KI[Q) (16)

and

Py = [Ty . (17)
After solution, the reverse transformation is merely
{u} = [QM{u}* (18)

Since [Q] has an extremely low density, NASTRAN's sparce matrix multiply
routines will carry out the indicated computations most efficiently. The
essential task is the generation of the [Q] data. With suitable arbitrary
conventions, this can be accomplished within the module SSMA and included in
the PSD data block for transfer to other modules such as SSVE where the re-
verse transformation can be made.

Multi-level substructure analysis, while not covered explicitly by the

scope of this effort, can be obtained with a small modification to the existing

capabiiity herein defined. In this case, the ASET data block output from
Phase II will contain both the pseudostructure degrees of freedom and the

335

;‘
i1



oo s

S\ '

equivalent Phase I external degree of freedom desijnations. Since several

Phase I external degree of freedom designations may exist for each Phase II
degree of freedom, the data block becomes somewhat more conplex but no essential
new difficulty is encountered. Once the correspondence recognition feature is
accomplished, multi-level substructure analysis capability essentially becomes
open-ended with no real limit to the possible number of levels. Since the
degree of freedom correspondence is automatically carried forward at each level,

it will be possible to returr directly to the original substructures in any data

recovery phase. In addition, the substructure formed at any level can be
analyzed by itself. Figure 9 illustrates this process.

A user convenience improvement would be to replace the DTI form of the
input of the table UFTABLE described earlier with a Case Control Deck packet
similar to the structure plotter request packet. This will require new code in
the Input File Processor (IFP) portion of the preface which will read the data
cards, analy.e them for correctness and form the UFTABLE data block. When
implemented, the present requirement for a dummy UFTABLE input for subset O
will be eliminated. The language specifications can be made as user-oriented
as desired since IFP will interpret the statements and form the UFTABLE data
block. At such time as the data block UFTABLE is added to the FIAT as a
recognized output from the preface, an EQUIV DMAP instruction will be needed
in the rigid formats if DTI input is also to be available.

Another enhancement will be to allow the coupling of individual degrees
of freedom at a grid point rather than all unconstrained degrees of freedom as
will be done in Level 16. This task is not dependent on anything presented in
this paper but can be done at any time since it merely involves the definition
of a new data card similar to the present SAME card (see figure 10) and the
addition of minor processing logic in the Level 16 module PVEC.

Several other improvements which will either remove restrictions or ex-
tend the capability can be envisioned. The important point is that any or all
of these improvements can be relatively easily made once the basic capability
is operational.

CONCLUSION AND RECOMMENDATIONS

An approach has been presented by which basic automatic substructure
analysis can be added to NASTRAN. It is suggested that this technique can be
implemented in Level 16 with a relatively small level of effort. While the
resulting capability will not completely satisfy all potential users, it is
felt that most substructure analyses will be encompassed. Furthermore, reason-
able extensions of the techniques presented can be made which will result in
any degree of further sophistication, convenience and automation that can be
supported by resources that are made available for this purpose.
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f APPENDIX A
* RIGID FORMAT DMAP LISTING FOR S@L 16, (0)
£ STATIC SUBSTRUCTURE ANALYSIS (ALL PHASES)

4 Subset 0 of Rigid Format 16 contains all DMAP instructions for Static

‘& Substructure Analysis. If run without subsets 1, 2, or 3, a complete static
analysis will result which is equivalent to Rigid Format 1. Selection of one
of the subsets 1, 2 or 3, however, reduces Rigid Format 16 to a DMAP sequence
» which will automatically solve Phase I, IT or III of Static Substructure

r & Analysis. These subsets are displayed in Appendices B, C and D. The DMAP
compilation listing of SPL 16,0 constitutes the remainder of this Appendix,
 including an explanatory description of the DMAP similar to that found in
Section 3 of the NASTRAN User's Manual.
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KIGIU FORMAT
SERIES N *xx

RIGID FORMAT

APPENDIX A

LMAP LISTING
BASIC STATIC SUBSTRUCTURE ANALYSIY *xx

16 = SUBSET ZERQ

AN SOURCE PROGPAM COMPILATIUN

NO.16 BASIC STATIC SUBSTRUCTURE ANALYSIS - SERIES N &
LLL=TAPF ¢
WG=APPEND/PGG=APPEND/UGV=APPENU/LM=SAVE/KNNSSAVE $

PH28K1 $

NASTR
DMAP~DMAP INSTRUCTION
NUe
1 BEGIN
2 FILE
FILE
& JUuMP
5 ParaM

10

11
12
13
14
15
16
17

l8

19
20
21
22
23

24

338

SAVE
CH&PNT
LAGEL

GP1

SAVE
CHKPWNT
CHKPNT
PARAML
PURGE
CCOND

PLISET

SAvVE
PRTMSG
PARAM
PuRAM

COUND

//C|N'ADD/V'N,PPASEZ/CQN’OIC'Ng‘l $

VEOMG yUF TABLE/KGGPSe 9 0 4 PGPSy POSUAT A/ L Y 4 PRTUFT/CaY o GENSANMEZ Vo N,y
LuSel s

LUSET
KGLP 5> PGPS PSDATA §
FH2BKY §

GEUML ¢ GEOM2,4 /GPL yEQEXINsGPDToLSTMyBLPUT e SIL/Ve N LUSET/ VoNy
NUGPLT §

LUSET §

GPLIEQEXINGODTCSTMyBGPOTHSIL 3

LEOM24 FQEXIN/ECT

ECT $

PCUDB//CoNIPRES/C Ny /CoNe/CoyNo/VelngNLPCUE § . .
PLTSETX PLYPAP ¢GPSET SyELSETS/NuPLUB 8

FleyNuPCDB $ *

PCUBY EQEXINGECT/PLTISETXoPLTPAn uPSETS oL SETS/ Ve NgNSILY VaNy
JUMPPLQOY=-1 §

NSIL, JUMPPLOT §

et

PLTSETX// 8

pa

F/7CoNoeMPY/ZVyNgPLTFLG/CoeNg1/CoNyi o
IICON'“ﬁYIVQN'PF!LEIC.N'O’C'N.U ¥
PledUMPPLOT §

PLTIPAR 4 GPSET Sy ELSETSsCASECCyBuPUT o ENCAINGSILy oo 7PLUTXLY VelNy
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APPENDIX A

RIGID FORMAT uMar LISTING
SERIES N *#% E.SIL STATIC SUBSTRUCTURE ANALYSIS *xx

RIGIV FUAMAT 16 -~ SUBSET ZEROC
NASTRAN SOURCE PRCGRAM CUMFILATIUN

DMQP-DMAP INSTRUCT N

no NSIL/VyNyLUSET/VyNy JUMPPLOT/ZV Ny PLTFLG/VaNyPFILE $
25 SAVE JUMPPLOT+PLTFLGPFILE $

26 PRTMSG  PLOTXY// §

27 LABEL Pl s

28 CHKPNT PLTPAR¢GPSETS,ELSETS §

29 GP3 GEUM34 EQEXTIN,GEOM2/SLT yu. TT/VoNgULKAY §

30 SAVE NOGRAV $

3l PAKAM [/CoeNoe AND/VoNyNOMGG/ V¢NyNOGRAV/ Ve Yo GrDPiNT=-1 &

32 PURGE MGuy MELMyMDICT/NOMGG §

33 CHKPNT  SLT,GPTT ¢

34 QAL ECTocPT 4 RGPOT STL GPTT CSTM/EsT sutloubelT o/ VeliobUSET/ Ve Ny
NUSIMP/ZC yNgL/VeNyHNOGENL/VyNyGeinel &

[ 3 C A" Au“lll'\ L N alalial 21 ~Ene
- -~ - S F SIS e M.

e
~ne ”" s ey -

36 PARAM  //CoNsAND/ Yy NoNOELMT/VyNyNUGENL/Vy NoNUSI MP $

37 COND EKRUR4 ¢ NOELMT §

38 PURGE  KuGXoGPST/NOSINP/OGPST/GENEL &

39 CHKPNT  ESToGPECT.GET,GPST,0GPST $

40 OPTPR1  MPT,cPTECToDIT)EST/OPTPYI/VyNy PRINT/ Vo Ny TSTART/VyN,LUUNT 8

41 SAVE PRINTy TSTART ,COUNT $

42 CHKPNT  OPTPL §

43 Jump LouPTOP 3

4% LABEL  LOOPTOP 3

45 LUOND LBLLyNOSINP 3

46 PARAM  //CeNsADD/VoNyNOKGGX/CoNy1/CoNeO $

47 EMS_ D ESTICSTMIMPT,DIT,GEOM2, /KELMyAUaLT yMcLMyMUILT 50/ Vy Ny NUKGGX/ Vo
NoNOMGGAC o Ny /CoN o /CoNo/CaY 1COUPNADS/LY Y LPBAR/CyY s CPRUD/Co Yy

CPQUADL/Co Yo CPQUAD2/Cy Yo PTRIRL/coY oLPTRINZ/ (o YycPTUBE/C Yy
WLPULPLT/Cy Yy CPTRPLT/CyYoCPTRBYC §

.

o Doy

5 A%

i
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RIGID FORMAT
SEKIES N **x

RIGIV FURMAT

NASTR

APPENDIX A

UMAP LISTING
BASIL ZTATIC SUBSTRUCTURE ANALYS.S ¥xx

16 - SURBSET ZERD

AN SOURCE PRCGRAM LCUMNMPILLATILIUN

UMAP~DMAP [NSThUCTION

NU.
438
49
50
51
52
53

64
65
66
67
68
69
70
71
72
73

340

SAVE
CHKPNT
COND
CHKPNT
LABEL
COhD

CHXPNT

orp
LABEL
EQUlyV
CHAPNT
CUND
GHaZD
CHKENT
LABEL
JUNP
ADOD
EQUIV
CHXPNT

LABEL

NOKGLX s NOMGG §

KELMoKDICT ¢MELM,MDICT s

JMPKGG o NOKGGX 8

GPECTyKLICT,KELM/KGGXyGPST $

KLGXyGPST 8

JMPKUG $

JMPMGG yNOMGG §

GPECT ¢MDICTy MELM/MGG s /CoNo=1/0s Y nTMaSS=1.0 &
MGG §

JMPMGG $

LbL1l«GROPNT &

BGPDT s CSTUGEFQFXINg MGG/ COPNG/V o Yo UROPNT/C oY ¢wTMASS &
OGPWGer sy 9//VeNyCARDND ¢

LBL1 ¢

RLGA s KGG/NOGENL 8

koG §

LAL11A,NOGENL §
GELoRGGX/KGG/VeNILUSET/VeNy NOUeNL/ Ve Ny NUSTMP §
KGG §

LoLlllA ¢

PH2BKX2 §

KGGyKGGPS/KGGY $

KGLT o KGG/PHLSE2 8

kGG

PHZBK2 $

ey
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APPENDIX A

RIGIU FURMAT UMAP LISTING
SERIES N **x& BASIu STATIC SUBSTRUCTURE ANALYDLS %%%

RIGIV FOKMAT 16 - SURSET ZEKO

NASTRAN SNURCE PROGRAM CUMFILATIUN
, DMAP-uUMAP IMSTRUCTION
Nue
74 PLRAM F/CaNsMPY/ Ve NgNSKIPZ/CyNeO/CyNyU &
¢ 75 JuMmp LBL1Y

76 LAGEL LoLll $

17 LASECC y GENMA  EQEXINY STLaGPOT/XbaYd s USET ¢nSET/ Vo Ny LUSET/ Vol
MPCHL/VoNyMPCF2/VyNy SINGLE/VoNyUMLT/VoNyneALT/ Vong NSKIP/V o Ny
REPEAT/VoNJNOSET/VoNoHOL/Vy Nowul/L oY ysucly 4

R . = B RIS C RN

78 SAvVk MPCFLoMPCF2oSINGLEgUMIToREACT yNSKIPonEPEAT ¢NOSETyNULy NOA

79 L“CND EARUR3ZNOL §

80 PAKAM F7CyNg AND/VyNgNOSR/V o NeSINGLE/V I NgREALT 8

‘ 81 PURGE  KRAKsRLRy 0, 0M/REACT/ GM/MPCF 1/uUsKOUsLOGSPUsUUGYsRUIV/UMIT/PS,
{ KFSeKSS/STNGLE/QG/NUSR $
{" B2 CHKPNT  KARyKLR922 DMy GMyGOyKCOsLOOs PUSUGUVsRUUVSPS sKF SRS WG e USET s RGy
YSIADET ¢
e3 cono L3te, coNTL ¢

LPLyGOSToUSETySIL/OGPST/VyNyNJLPST &

-3
w &

8 SAVE NOGPST
86 CUND LBL4'NOGPST §
87 QOFP OGPSToeeve//VeNyCARDNC $

88 LABEL  LBLG §
E 89 EWUIV  KGGyKNN/MPCFL §
90 CHKPNT  KNN $
”7‘5" 91 CONU LBL2,MPCF2
s 92 (cel USET,RG/GM 8
e o 93 CHKPNT  GM &
r'ffj - 94 (CEZD  USET,GM.KGGyos/KNNyey $
S 95 CHKPNT  KNN 8

96 LAJEL L8L2 $

9T EQUIV ANN¢KFF/SINGLE ¢

341
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APPENDIX A

RIGID FURMAT UMAP LISTING
SERIES N #%% BASIC STATIM SUBSTRUCLTURE ANALYS1S *»«

R1GID FOKMAT 16 - SUBSET ZERD

NASTRAN SOURCE PROGRAM L UMPILATION
OMAP~OMuP INSTHRUCTION
NU.

98 CHKPNT  RFF $
99 LOND LBL3,SINGLE $

100 GCELD  USETiKNNyy o/ KFFyKFS KSSyyy

101 CHKPNT  KFSyRSSeKFF §

102 LABEL  LbL3 $

103 EQUIV  KFFikAR/OMIT $

104 CHKPNT  KAA 3

105 COND LBLS 01T 3

106 USETKFFyy s/ GOy KARGKOC,LODs srps &
107 CHRPNT  UskAAGKED,LOD $

108 LABtL LeLS ¢

VAN L A “ & Wb 8 AT s, >
aC% Cwuav NAaRIRLLITC ALY @

110 CHKPNT KLL §

111 PARAM I/CpN'SUS/V'NQFHASEI/CQNQO/C.V.bUDlD’O $

112 con LBLTPHASEL 8

113 CUND LBL6JREACT 8

114 (KoMGL)  USET\KAAJ/KLLIKLR KRRygy $
115 CHKPNT  KLLoKLP,KRR §

116 LABEL Lote ¢

i

117 KLL/LLL S

118 CHRPNT . LLL ¢

119 CcOnD LBL7,REACT 3
120 @BMGD  LLLIKLRyKPR/DM §
121 CHKPNT  OM

122 LABEL LBLT ¢

SLTsBGPDT ST STLWEST o MPT GPTT LT sMUGILANESL1DIT/PG/V Ny
LUSET/V NyNSKEP 8

g

123
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APPENDIX A

KIGID FURMAT uMAP LISTING
SERIES N »%% buSic STATIC SUBSTRUCTURE ANALYSIY »ss

RIGID FURMAT 16 - SUBSET ZERO

NASTRAN SOURCE PRCGRAM L uMPILAT I LUN
UMAP=OMAP INSTKRUCTION

NU.
124 JUMP PH2uKk3 §
1¢5 AQu POPLPS/PCY 8

126 tuulv POTyPG/PHASE? ¢
127 LABEL PHZoK2 $

128 CHKPHT PG §

129 taUlv PUoPL/NOSET ¢

130 CHKPNT PL

131 CuND LBL1QNOSET
122 (Ss62D USETsGMyYSoKFSeGOy DMy PG/uRy POy FSHFL »

133  CHKPNT WReFUPSHPL 8
134 LABEL LoLlo ¢

136 (563D  LLLIKLL,OLoLCOsKOUsPO/ULVIUCCY o RULVIRUUV/ Vo lio UMET /¥4 Yo 1RESE=1/
VeNgNSKIP/VyNyEFST §

137  SAVE EPSI 8
138 CHKPNT ULV, u00V,RULV,RUOV 3

139 COND LOL9,IPES 8

140 MATGPR  GPLyUSET,STL,RULV//CoNsL §
141 MATGPK  GPLyUSET,SIL,RUGV//CeNeO $
142 LABEL  LBLY 8

143 JUNP PH3BKL §

164 LABEL  PHIBKY $

145 COND SKIP,OMIT 8

146 LUOs 4 207U00VX $

167 EQUIV  UOOVX,UCIV/PHMASE" §

148 CHKPNT  wOOV §

149 LABEL SKIP §

I S 2, SO AR
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RIGIL FURMAT OMAP LISTING
StRIcS N #=% BASIL STLYIT SUBSTRUCTURE ANALYSLS »x»

RIuID FORMAT lo = SURSFT Z2£R0
NASTRAN SOQOURCE PROGRAA CUuMPIlLATI1IUN
DMAP-UMAP INSTAUCTION
NU.

150 @QUTPUT LSET o KLLyPLy o/ /CyNe-1/CoyNyO/C; Yy USKTPIUL 8

151 PaARaM F/Coetng ADD/ Ve NoePHASEI/CoNgO/CyiNe~1 3
JULVA e 9o /CeYoSUBID/CoYoUNIT/C oY usxTPlLe §
153 EQUIV ULVX o ULV/OHASED ¢

154 CHKPNT ULV §
155 LABEL Pri3pKl §

156 GUr1D  USET4PG4ULV,UOOV YSyGOyGMyPSyRES s nSSyuh/ UV P bbsub/ Ny NSKIP/
CoNeSTATICS $

157 CHKPNT UGVePGG $

158 CUND LBLBYPEPEAT 8
159 REPT LbLIl,107 8
160 JUMP ERRORL ¢

161 PARAM //CoNyNDY/ VNG TEST/V o NyREPEAT $
162 COND ERRORS 9 TEST 8
i63 LAGEL L8LE
164 CHKPNT (V]
165 JuMp PHZBKRS §
PSUATA,,UGV// %
167 LagkL PHZOKS &

168 GORZD  LASECC,CSTM MPT DIT4ECEXING SILowPTT 0Ty 06PUT 4 ouGyULVIEST ¢ 9PGG/
- CPG1o0Q%1s OUGVLOESL yOLFLoPUGVI/ZC Ny STATILS &

169 COUND LbLUFP,COUNT §

170 UPTPR2 GPTPLyOESY o EST/OPTP2 4ESTL/VoNoPRINT/ Ve Ny TOTART/ZVoNgLUUNT 8
171 EQUlvV ESTL EST/COUNT/OPTP2,0PTPL/ZCCUNT

17¢ COND LOOPENDPRINT §

173 LABEL LBLOFP ;

76 PAKAM J/CoNsMPY/VyNyCARDNO/CoNgO/CoyNyO o
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R1GIV FURMaT DMaP LISTING
SERIES N #vs oadIC STATIC SUBSTRUCTURE ANALYD[S ®we

KIGIv FURMAT lo - SUBSEY ZERO

NASTHRauN SOUPCE PROGRAA cUMFILATIIUN
UMAP -uUMAP INSTAUCTION

i

k NJ

i -

N 175 GFP UULV140PGL 4N06Y, OEFL 4 OES1y//VyNyChinunu §

~

t 176  SAVE CARDND §

+

¢ 177 cOND P2,JUvPPLOT

t

| 178 GLOTD  PLIP.D 4 GPSETSIELSETS I CASECC 18ukUT s EEATNI LI FULYL) s LPECT,0ES1/
» PLUT X2/ VMg MSTLZVyNgLUSET/ VN JUMPPLUT/VaingPLTHFLL/ Vo Ny PHILE

179  SAVE FFlue §
180 PRIMSG  PLUVA?// &
b 181 LAGEL F2 s

182 LABEL LUUPEND $

183 CGOND FINISoCOUNT ¢
184 REPT LOOPTOP,100
185 JuMp FINLIS 8 .

186 LAGEL ERRURY 3
! 187 PRIPAAM  //CoNy=17CyN¢STATICS
188 LAbEL ERRUK?2 §
169 PRTPARM  //CyNe=2/CyNySTATICS o
190 LABEL ERRURS §
191 PRIPARM  //CoNy=I/CyNoSTATICS
192 LABEL ERRURS §
'fA 193 PRT2anM  //Cone=4/CoN STATICS
194 LAoclL ERRURS &
195 PRYPARM  //CoNi=S/C N STATICS §

196 LAbBEL FINlS 3
197 ENv $
SeNU ERRCGRS FOUND = EXECUIE NASTRAN PRULAANSS
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6.

10.

13.
17.
18.

23.
24.
26.

3

7.

45.
4.

51.

55.
58.
9.
60.
6.

AFPENDIX A

Description of DMAP Operations for Basic Static Substructure Analysis

SSMA analyzes and/or generstes coupling data and forms coupled substructure matrices
P$7 and (PP%}.
[Kgg] and { g }

GP1 generates coordinate system transformation matrices, tables of grid point locations,
and tavles for relating internal and external grid point iunbers.

GP2 generates Element Connectionr Table with internal indices.

Go to OMAP No. 27 if no plot package is present.

PLTSET transforms user input into ; form used to drive structure plotter.

PRTMSG prints error mes<ages associated with structure plote.r.

Go to DMAP No. 27 if no undeformed stricture plot request.

PLOT generates.a11 requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each urdeformed plot generated.
GP3 generates Static Loads Table and Grid Point Temnerature Table,

TAl generates element tables for use in matrix assembly an’ stress recovery.

Go to OMAP No. 192 and print error message if no elen..ts have been defined.
PPTPR] property optimization module for Level 16.

Go to DMAP No. 62 if there are no structural elements.

EMG generates structural element nJutrix tec.es and dictionaries for later assembly.
Go to DMAF No. 53 if no stiffness matrix is to be assembled.

EMA assembles siiffness matrix [K;g] and Grid Point Singularity Table.

Go to DMAP No. 57 1f no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].‘

Go to DMAP No. 62 if no weight and balance request.

Go to DMAP No. 188 and nrint error message if nc mass matrix exists.

GPNG generates weight and balance information.

DF: formats weight and balance information and places 1t on the system output file for
printing.

Equivalence [K;g] to [Kgg] if no general elements.
Go to DMAP No. A8 if no gencral elements.
SMA3 adds general elr. .ts to [K;9] to obtain stiffness matriy [Kgg]‘

2 ps retotal
| T (K,,] and t‘ggl to form "gg ].
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7.

75.

76.
.

9.
83.
84.
86.
87.

89. "

91,

92.

94,

103,

APPENDIX A

Equivalence [K;gta]] to [Kgg] if coupling phase.

Go to next DMAP instruction if cold start or modified restart. LBL11 will be altered by
the Executive System to the proper location inside the loop for unmodifiea restarts within

the loop.

Beginning of Loop for additional constraint sets.

GP4 generates flags defining members of various displacement sets {USET), forms multipoint
constraint equations (Rg](ug} = 0 and forms enforced displacement vector {Ys}.

Go to DMAP No. 190 and print error message if no independont degrees of freedom are defined.

Go to DMAP No. 88 if general el:ments present.
GPSP determines if possible grid point singularities remain.

Go to DMAP No. 88 if no Grid Point Singularity Table.

PFP formats the table of possible grid point singularities and places it on the system output
file for printing.

Equivalence [Kgg] to [K“n1 if no multipoint constraints.

Go to DMAP No. 96 if MCET and MCE2 have already been executed for current set of multipoint
constraints.

MCE1 partiticns multipoint constraint equations [R%] = [Rm an] and solves for multipoint

constraint transformation matrix [6 ] = -[Rm]‘][nn

MCE2 partitions stiffness matrix

[Kgd = =1 -

and performs matrix reduction

Kend = DRogd ¢ [020kg1 + Ty 206 + (67 10K 4 J06,,)

i
1

Equivalence [Kn"] to [Kff] if no sinyle-point constraints.

Go to DMAP No. 102 if no single-point constraint:.

R gy -

SLEY partitions out single-point constraints

PR

[]
: Kst 1 Kss .

Equivalence [Kcc] to [K,,] if no omitted coordinates.

,‘,{ms,' .

R
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APPENDIY A

105. Go to DMAP No. 108 if no omitted coordinates.

106. SMP1 partitions constrained stiffness matrix

aa ao
[Kff] = tTTT,TTTT S *
4 Koa 1 Yoo
‘ . . . e )
: solves for transformation matri:. [Go] [Koo] [Koa]
- A . . T e
; and performs matrix reduction [Kaa] = [Kaa] + [Koa][ﬁo] .

109. Equivalence [Kaa] to [Knml if no free-body supports.

{
; 112.  Go to DMAP No. 122 if iwitial substructure data reduction (Phase I).
113,  Go to DMAP No. 116 if no free-body supports.
; 114. RBMG1 partitions out-free body supports
L.
v |
Koo | Kpr
”(aa] = - :____
Kee © Kpp
% 117, RONG2 decomposes constrained s01TTiess maliia {K123 = :Lzl][uzz3'
119. Go to DMAP No. 122 if no free-body supports.
120. RBMG3 forms rigid body transformation matrix ’
01 = -0k, 17K, D
}
calculates riaid body check matrix
& r :
) = [k, + (k0] , ;
i ??;' - and calculates rigid body error ratio z
S +&51+1-
- R € = .
Rt T rr
f; . -123.  SSG1 generates static load vectors {Pg} .

. 125, Add (P} and (D%} to form {p;°“‘} '

; 126. Equivalence {P;°‘°‘} to (P} 1f coupling phase.
129. Equivalence (Pg} to {Pz} if no constraints applied. ]

348
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132, SSG2 appiies constraints to static load vectors

n b T
{Pg} - s {Pn} = {Pn} + [Gm](Pm} »

f -

5 T
{Pg} - (P} = (P} + [G P}

P} = 1~ —

and calculates determinate forces of reaction {qr} = -(Pr} - [DT]{PE'}.

135.  Go to DMAP No. 144 if intial substructure data reductjon (Phase I).
136. SSG3 solves for displacements of independent coordinates
tug)d = [k, 7R,
solves for displacements of omitted coordinates
o -1
(uol = {K°°] {Po} .

calculates residual vector (RULV) and residual vector error ratio for independent coordinates

(aPy) = (P} - [Ky dMup}

T
(u,'}{GP‘)

T
(P‘}(uz}

€

_or__(W) and residual vector error ratio for omitted coordinates

o q8p) w () - (K MU
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T
 lughery)
fo (PTH®)
ouo

[ .

139. Go to DMAP No. 142 if residual vectors are not to be printed.

140. MATGPR prints the residual vector for independent coordinates (RULV).

TR Mn MV piom

141. MATGPk prints the residual vector for omitted coordinates {RUBV).
145. Go to DMAP No. 149 if no omits.

146. FBS solve for displacements of the omitted coordinates

OXy . -1
g} = [K 1 (P}

4 men e s -

+

147. Equivalence {ugx} to {ug} if initial substructure data reduction (Phase I).
150.  QUTPUTT write a user file on INPT containing analysis set information, [K21] and {Pz}

152. UDBR recover {u;} from coupling phase user file for substructure SUBID (Phase III)

%
E *
. 153. Equivaience {u:} to {ul} for substructure data recovery.
{ 156. SDR1 recovers dependent displacements
Yy | ) '
_l) o=y} {u,} (G JCu} + {u}
v, .
u u
. a fl _
~=) = {uf} . _y = {un} N ~
» Yo Ys '
24 Un ;
T {u} = [6 1w} -- {u,} 5
ii

E -

and recovers single-point forces of contraint

fagl = ={P} + [KT.Hugh + [k IOV} .

158. Go to DMAP No. 163 if all constraint sets have been processed.
159. Go to DMAP No. 76 if additional sets of constraint aev to be processed.

160, Go to DMAP No. 186 and print error message if number of loops exceeds 100.
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P 162.

166.

168.

170.
172.
175.
7.
178.
180.
183.
184,
185.
187.
189.

191.
193.
195.

APPENDIX A

Go to DMAP No. 194 and print error message if multiple boundary conditions are attempted with
improper subset.

SSVE partitions {ug} into substructure solution vectors and forms user file.

SDR2 calculates element forces and stresses (PES), PES)) and prepares load vectors, dis-
placement vectors and single-point forces of constraint for output (@PG1, PUGV1, PUGV],

fQG1).

@PTPR2 preperty optimization module for Level 6.

Go to OMAP No., 182 if no property optimization print control.

@FP formats tables prepared by'SDRZ and places them on the system output file for printing.
Go to DMAP No. 181 if no deformed structure plcts are requested. 5
PLAT generates all requested deformed structure plots.

PRTMSG prints plotter data and engineering data for each deformed plot generated.

Go to DMAP No. 197 if property optimization looping is finished.

Go to DMAP No. 44 if property optimization Tooping is not finished.

Go to DMAP No. 197 and make normal exit.

ATTEMPT T EXECUTE MPRE THAN 100 LPQPS.

MASS MATRIX REQUIRED FPR WEIGHT AND BALANCE CALCULA-

STATIC ANALYSIS ERRPR MESSAGE Np. 1

STATIC ANALYSIS ERR@R MESSAGE Np. 2
TIPNS.

STATIC ANALYSIS ERRBR MESSAGE Ng. 3
STATIC ANALYSIS ERRPR MESSAGE Np. 4 - NP ELEMENTS HAVE BEEN DEFINED.
STATIC ANALYSIS ERTOR MESSAGE KA. 5 - A L@@PING PRABLEM RUN @N N@N-L@PPING SUBSET.

NP INDEPENDENT DEGREES §F FREECPM HAVE BEEN DEFINED.
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APPENDIX B
RIGID FORMAT DMAP LISTING FOR SPL 16, (1,7,8,9)
STATIC SUBSTRUCTURE ANALYSIS PHASE I

Subset 1 of Rigid Format 16 reduces the rigid format to a DMAP sequence
which solves Phase I of static substructure analysis. No new modules of
interest are included. QUTPUT1, DMAP No. 150, is used to transfer the reduced
boundary matrices onto User Files from which they are recovered in Phase II.
The compilation listing of this DMAP sequence constitutes the remainder of
this Appendix. Subsets 7, 8 and 9 remove non-essential capabilities for the
purposes of this presentation. These capabilities, which may be utilized if
desired, are:

Subset Capability
7 Structure plotter
8 Grid Point Weight Generator
9 Property optimization

Appendix A contains a full listing of Rigid Format 16.
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RIGID FOKMAT OUMAP LISTINS
SERIES N *#% pASIL STATIC SUBSTRUCTUKE ANALYSIS =%«

RIGID FURMAY 16 = SUBSET ONE, SEVEN, EIGHY, wniht

NO.
1
2

10

11
12
13
14
29
a0
31
32
33
34

35
36
37
38
39
45
46
47

LT ]
49

NASTRAN SOURCE PROGRAM LUMPILLATIUN
UMAP~-UMAP INSTHRUCTION

BEGIN
€ ILE

LPL

SAVE

CHRPNT

0

CHKPNT

y

SAVE
P ARAM
PURGE

CHKPNT

SAVE
P AR AM
COND
PURGE
CHKPNRT
CONO
PARAM

. MG

SAVE
CHKPNT

NOelo BASIC STATIC SUBSTRUCTURE ANALYSES - SLKIES N 8
LLL=TAPE ¢

GEGMY s GEOM24 /GPL yEQEXINSGPDTyLOTMyoLPUT§SIL/VyNgLUSETY
NOGPULT §

LUSET $

GPLyEQEXINyGPDT,CSTM,BGPUTSIL 5
GeOM2yEQEXIN/ECT §

ECT s

GEOAM3y EAEXINYGEOM2/SLTyGPTT/V )Ny NULRAY §
NUGRAV $

F7Cy Ny AND/ Vo Ny NOMGG/ VeNgNOGRAV/Vy Y g b UPHT2~1 §
MGGy MELMyMDICT/NOMGG $

SLTWGPTT 8

ELT’EPT'BGPDT'S‘LpGP1‘|CSTH/E>I'btl'bPELTp/VQNpLUSET/
NUSIMP/ZCoeNsY/VoNyNOGENL/V¢NyGcivel §

NOSIMP o NOGENL,GFNEL

J/CoeNg AND/ V¢ NyNDELMT/ Vo NeNOGENL/ voNyNUSINP §
ERROR4 ¢ NCELMT §

KGGX ¢ GPST/NOSIMP/OGPST/GENEL §
ESToGPECTGEL4GPST,OGPST §

LUBLLINCSTMP 8
//CoNoADD/ Vo NgNOKGGX/CeNy1/CoNe QO 8

Vi Ny

VN

ESToCSTMMPT 4DV yGEOM2 9 FRELMoRUILT g MELMpMULLT 937V 9Ny NOKGGX / Vo
N'NOMGGICQNQ/C’Np,CQN'ICQY’CQUFMA55/b|YQCPDARIC'Y'CVNDD/C'Yt
COOUADY/Ce Yo CPQUAD2/Co Yo CPTREXL/ZL Y oLPTKIAZ/ CoVeCPTUBE/C Y,y

CPWwPLT/Ty Yy CPTPPLT/Cy Yy CPTRBSC O
NOKG L Xy NOMGG
KELM KOECT ¢MELMy MDICT 8
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; APPENDIX B :
i RIGID FOXMAT UMAP LISTING
) SERIES N *%* EASIC STATIN SUBSTRUCTURE ARALYS.S %=
' K1L1D FORMAT 16 - SUBSET ONE, SEVEN, EIGHT, NInt
: NASTRAN SOURCE PRUGRAM CUMFILATIUN
: OMAP-UMAP INSTRUCTION
, | NU.
; § 50 COND JMPKGG o NOKGGX §
é 51 @MA_D  GPECT.KDICT,KELM/KGGX,GPST $
N t 52 CHKPNT  KGGK/CPST ’
{ g 53 LASEL  JMPKGG $
é 54 COND JMPMGG, NOMGS
i ] 55 GPECT s MDICT ) MELM/MGG s /CoNy-1/0s Yy nTHASS=1.0 8
: 56 CHKPNT MGG 3
57 LASEL  JMPMGG §
o 62 LABEL  LBLl §
A 63 EQUIV  KSLXyKGG/NOGENL $
64 CHKPNT  KuG $
AT LuLI1A$NEGENL 3
66 GELyKGGX/KGG/ VoNyLUSET/Vy Ny NOGENL/ Veive NUSIMF $
67 CHKPNT  KuG &
68 LABEL  LuLllA s
T4 PARAM  //CyNoMPY/VyMoNSKIP/CyNyO/CoNyO § ‘
L 77 CASECT 4 GEOMA yEQEXING SILyGPOT /ROy YS ¢USET yASET/V e LUSET/ VN,
MPCFL/VoNgMPCF2/Vy Ny SINGLE/V yingUNLT/ZVy NgnTALT/ VolignSKIP/V Ny 1
) REPEAT/VoNNOSET/VeNyNOL/VyNyNuUR/ LYy SUBID 8 g.
F T8 SAVE MPCHLloMPCF2y SINGLE +OMIToREACT NSAIPykicPEnT o NOSET ) NUL, NOA § gf -
o 79 COND ERKUR3\NOL §
:itg BO PARAM  //CoNoAND/VyNyNOSR/V Ny SINGLE/VoNgKERLT 3 ‘i
e, T 61 PUKGE  KRReKLRyORyDM/REACT/GM/MPCFL/GUsAGUSLUUs PUY VDU RULY/OMIT/PS, L
S KFS,KSS/SINGLE/QG/NOSR $
po 82 CHKPNT  KRRyKLRyQ% DMy GMyGOy KGCyLOOSPUsULUYRUGY 1P S ohF 3> 9KSS ) s USEToF Gy
i Y3.ASET § "
83 COND LBL4 9 GENEL $ )
84 GPLYGPSTIUSET,STL/OGPST/VoNINOGPST &
’ .
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RIGIV FORMAT UMAP LISTING
SERIES N **& pASI( STATIC SUBSTRUCTLRE ANALYSIS *=s

KIuwiD rORMaT 16 =~ SURSET ONEy SEVENy EIGHT, wint

NASTRAN SNURCE PROGRAM LCUMPILATIUN
UMAP=-UMaP INSTRUCTION

e e m———

NJo.
: 85 SAVE NULPST §
f 86 COND LBL4 NCGPST 8
! 87 QFP UGPSTyyyses//VoNsCARDNO 8
; 88 LABEL  Lole s
i 89 Ewulv KROLe KNN/MOCFY § 2,
} 90 CHKPNT  KuN'$
; 91 Con LELZoMPLFD 8
! 92' USET,9G/GA §
93 CHKPNT GM 3
94 (HCEZ)  USET4GMyKGGyss/KNNoyy $
95 CHKPNT kNN $
Qs LadEL LAL2 ¢
97 EQUIV  KaNoKFF/SIN(LE §
98 CHKPNT KFF §
99 CGND LBL3,SINGLE § .
100 GTELD  USETIKNNyy o/ KFF,KFS. SSppy $
101 CHKPNT  KFS.KSS,KFF &
102 LABEL  LBL3 §
103 EGUIV  KFFyKAA/OMIT §
104 CHKPNT  KaA
105 COw LBL5,OMIT 3
106 GHFID  USETIKFFyys/GOyKAAKCCILOOssvsy ":
107 CHRPNT  GUsKAALKOC,LCN ?
108 LAGEL  LBLS § -i;
109 EQUIV  KAAJKLL/REACT
110 CHKPNT  KLL
i
o .
355 2 .
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KIGIV FORMAT ud4aP LISTING
SEKIES N *%% puSiC STATIC SUASTFUCTURE ANALYDLS #*%¥»

RIGID FURMAT 1& ~ SUBSET ONEy SEVENy EIGHT, NINE
NASTRAN SOURCE PRCULRAM (OMPI L.k TI OGN

OMAP-UMAP INSTRUCTION
NU.

111 PAaRAM 77C o Ny SUR/ VyNgPHASEL/CyNyO/CyYySUnlu=0 3
112 COND LYLT7 ¢ PHASEY
113 COnND LBLOREACT ¢

114 USEToKA&y/KLL KLRyKRRyyy $

115 CHaPNT KLLyKLRyKRR §

R

NI T DG N ¢ WP At T S g ety I Ygern
[
-
-y

116 LABEL LsLo §

C@®BMGD  KLL/LLL

118 CHKPNT LLL 8

a 119 CCND LBL74REACT
\ 120 RBMG3 LLLYKLRyKRR/OM §
121 CHKPNT UM 8
Aed LADEL o7 »

123 G561 SLT+8GPDTCSTMISTLIESToMPTy GFIT ELT 4MuG CASECCIULT/PG/V Ny
LUSET/VeNyNSKIF 3

| 126 CHKPNT Py $
129 EQUIV  PGyPL/NOSET $

130 CHKPNT  pL

| 131 Cono LbLLOJNOSET

| 2 132 G562 USET ) GMeYSIKFS 4500 0MyPG/QRs FOLPSsPL $
133 CHKPNT  GRePUSPS,PL §

134 LASEL L8Ll0 ¢

o 145 COND SKIP,OMIT §

Jul " 140 LOOy » POZUOOVX

147 EQUlV VOOVXyUOOV/PMHASE]L

148 CHKPNT  UOLV 8 °
149  LAGEL SKIP 8
150 QUIPUTD  ASEToKLLaPLYs//CoNe=1/CoNsO/Co Yo USATFIDL &
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APPENDIX B

RIGID FORMAT uMaP LISTING

SERIES N ®=x HASIC STATIC SUBSTRUCTURE ANALYDLS #x»

RIGID FORMAT 1o - SUBSET ONEy SEVENy EIGHTy Naivk

NASTKAN SCURCE PRUGRAM (UMPILATIUN

DMaAP=DMAP INSTRUCTION

NU.
185
188
169
190
191
192
193
196
197

JUMP FI4lS 8
LABEL ERKOR2 8

PRTPARM  //CoNy=2/CyNySTATICS §
LABEL ERRORY §

PRTPARM  //CyNy=2/CoNySTATICS ¢
LABEL ERROR% $

PRTPARM  //CyNy=4/CoNySTATICS 8
LABEL FINIS 8

END 3

$3NQ ERRURS FOUNO ~ EXECUTE NASTRAN PrUuhaM®s
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APPENDIX €

RIGID FORMAT OMAP LISTING FOR SPL 1€, (2,6,7,8,9)

STATIC SUBSTRUCTURE ANALYSIS PHASE 11

Subset 2 of Rigid Format 16 reduces the rigid format to a DMAP seguence
which solves Phase Il of static substructure analysis. The new mocules of
interest are SSMA, the Substructure Matrix Assembler, DMAP No. 6, and SSVE,
the Substructure Vector Extractor, DMAP No. 166. The compilation listing of
this DMAP sequence constitutes the remainder of this Appendix. Subsets 6, 7,
8 and 9 remove non-essential capabilities for the purposes of this presenta-
tion. These capabilities, whi.n may be utilized if desired, are:

Subset

6

7
8
9

Capabilit
Checkpoint
Structure Plotter
Grid Point Weight Generator
Property optimizaticn

Appendix A contains a full 1isting of Rigid Format 16.
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APPENDIX C
RI1GIV FURMAT uMaP LISTING
SERIES N #s»# pASIC STATIC SUBSTRUCTURE ANALY3.S s»e
RIGIVU FURMAT lo = SUBSET TwWO, SIXe SEVENs ciuhT, Ninc
NASTHhR AN SOURCE PKCGRAM LUMPILILATIION

DMAP-LMAP INSTRUCTION
Na.

1 BEGIN Nusl6 BASIC STATIC SUBSTRUCTURE wmhALYDILS = StRlIcS N 8

!
i
! 2 FlLE LLL=TAPE 3
E 3 FILE VG=APCEND/ PGGEAPPEND/ULVEAPP EVU/ GME SAVE/RNNSSAVE $
" 5 PARAM J/7CoeNg ADD/VeNGPHASE2/C o N9 O/CoelNg=-1 8
] ¢
; 6 WELMs JUFTABLE/KGGPS s o 59 PLPSoPSUATA/L) Yo PRTUPT/CyY s GENSAME/ VN,
LUSET 3
7 SAVE LUSET &
10 Gr1 GEOML, GEOM24 /GPL yEQEXINUPDT,COTHyBLPDY," - /VyNyLUSET/  VyNs
NUGPUT 8
11 SAVE LUSET 3

GPLoEOEXINGGPDT,CSTM,BGPOT,SIL
LEUMZ 9 EQEXIN/ECT 8

GEOMIEQEXTINSGEOM2/SLTeGPTT/V NN enliV &

-
w

2 o

|® X

VAVE:

F

-

30 SAVE NOGRAV §
31 PARAM 7/CoaNe AND/VyNogNCHGG/ VoNgNOGRAV/ Yy Yy UhUPNT2=] »

FGLYMELMy M DI CT/NOMGG §

W

L 4
©
s
[ 1]
m

ECToEPToBGPOT s STL,GPTT ,CSTM/EST oL suP LTy /VyNgLUSETY/ VN,
NUSIMP /T 4Ny 1 /VoeN¢NOGENL/ Ve NoGehEL 3

35 SAVE NUSIMP s NOGENLoGENEL §
36 PARAM J/u oy Ns ANOD/ Vo NeROELRT / VN NOGENL/ VepNUSIMP §

28 PURGE KGGXy GPST/NOSIMP/OGPST/GENEL 8

TN

-

45 CUND LOLIyNTStNp 8
46 PARAM F/C oo ADD/ Vo NyNOKGGX/Co N9 /ConeV 8

CSToCSTM MPY (CIY GEOM2 4 /RELM s KUILT o MELMeMULILT 43 /V g NURKGOX Y/ ¥y

N NIMAG/ZCoNg 7CoNg/CoNeZ7Cot o COUPHAADN L Yalroarn /L Y yLPRLV/C, Y,

CPUUANY/Co Vs CPQUAU2/Cs YoCPTRIAL/CeYsuPTRIAZ/ (oY oLPTUBE/C Y, -
CPWUPLT/Co ¥y CPTRPLY/C,YosCPTREOY » .-

é

6 SAVE NUKGGX s NUMGG &
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APPENDIX C

REGIU FURMAT u4aP LISTING
SeRIES N +%% p,S10 STATIC SUMSTRUCTURE ANALYDIS »es

RIGIU FORMAT 16 - SURSET Twf, SIx, SEVEN, £l aTy ol

NASTRAN SOURCE PROGRAM CUMPFILILATIUN
DMAP=~UMAP [NSTRULTLON

55 @MA D UPECT MDICT,MELM/MGGS/CoNy=1/usVonThasdel.0 3

; NU.

; 50 Cune JMPRUG Y NDKGGX §

' 51 GPECT ROICTAKELM/KGEX2GPST 8
% 53 LASEL  JMPKGS $ .

: 564 COuD JMPHGE , NOMGG $

'

i

S7 LavEL JMPMGG $

62 LABEL LBL1 8

o -

63 tEwulyv KUGAs KGG/NGGENL 8
b,
) o5 CUND LSLYLIAGNOCENL 8
66 MAJ VE Lo KGGX/KGG/VeNJLUSET/Ve Ny ADLEIL/ Voine NUDSLIMP §

68 LABEL LoLlly ¢

71 EQulv KGGT ¢ KGH/PHASER &
T4 PARAM F7CeNyMPY IV Ny NSKIP/CoNeO/CeNyQ &
15 sump Letll ¢

76 LABEL LbLll

17 (P4 CASECC o CEOMA JEQEXINg SILsGPOT /0o ¥ UdEToADLT/V Ny LUSLTS Vol
MPCFL/VONIMPCF2/Vy Ny SINGLE/ Vi s UMLT/ Vo NpRERLT/VeNeNSRTF/ Ve Ny
“z RLPEATZV NGNOSET/V NG NCLZV s Nprtiua/Zls Yo SUBILIY o
T8 Save MPCFLoMPCF2oSINGLEDMITEREACT yNSALPoREPLAT JNUSETHNULINDA 3
79 COND ERRURT(NOL ¢

80 PARAM Z/CoNoANDIVoNgNOSR/V Ny SINGLE/VoNsRERCT 8

8l PURGE KRRe KL PS4 OM/REACT/ GMI/MPCF L /0o RLU§LOUG Pus UOUV o RUOV/LMTT/PS,
! KESs SS/SINGLEZQG/NOSK 8

89 EQUly KuGy KNN/MPCFY §
91 COW LBLE I MPCF2
92 USEI ;PG/GM 8

USET sGMoKGGyoe/KNNggy §

08
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APPENDIX C

RIGID FORMAT uMAP LISTING
SERIES N *#*« HASIC STATVIC SUBSTRUCTURE ANALYS(S *==»

RIGIL FOKMAT 16 - SUBSET TwOy SIXe SEVEN, LiGnHT; Nlwe
NASTRAN SCURCE PROGRAM COUMPILLATIOUN

LUMAP-UMAP (nSTRUCTION
NJ.

96 LAstL LeLe ¢

O 97  EQUIV KNNgKFF/SINGLE §

. 99  COND LBL3(SINGLE §
100 GCEL ) USET KNNy¢g/KFFoKFS,KSSees §

P ey e, s

102 LAugEL LBL3 ¢

E 103 EQUIV  KFF.KAA/ZOMIT §
% 105 COND  LBLS,OMIT $

USET oKFFg9 9/7G0 s KAA¢KCC4LOUygoey §

A

100
1lu8 ABEL LBLS $

. W 109 EQUIV KAAJKLL/REACT

Rt R L

3
L 4«13 JOND LoL6sPEATT §
.o N Mo ias  sies s e -
dae \hODMvYy) LICIIREGAG/ALLYIALRgARNR Sy

116 LABEL LBL6 §

Ao
(o
p—
-

KLL/LLL §
119 CONw LBL7,°EACT $

120 LLLiKLRyKRR/DM ¢

B

122 LAscl LBLT

123 SLT48GPOTYCSTHeSTLIEST o MPT ¢ GPTT ot LT ¢ MGG CASECC (DL T/ZPG/V Ny .
LUSET/VINoNSKEE 8
< M 125 A0D PGy PLOS/PGT 8 Ei-*

; B 126 coulv  PoT.PG/OHASE2 8 i,iﬁ

' 129 EWUIV  PGyPL/NNSET § _’g
131 COni LoLLUyNOSET § 2":

132 G562  USET/GMYSyKFSyG0y DMy PG/UR POIPSIPL

134 LABEL  LBL1O 8

LLLsKLLyPLoLCOe KOO, POZULVUCOY s hULV o nuUOV/VeNyUMIT/V Y IRESa~1/
VeNsnSKIP/VyNyEPST &

G

136

361 -




APPENDIX C

RIGIO FORMAT uMAP LISTING
ScRIES N =% B.LS[C STATIC SUBSTRUCTURE ANALYSIS *%«x

RIGIV FUKMAT 16 - SUBSET Tw0, SIXy SEVEN, clouhT, wiNE

WASTKAN SOQURCE PROGRAM LOMPILARTIION
OMAP-UMAP INSTKUCTION

NU.
137 SAvc EPSI
159 (CUND LBL9,IRES §
3 140 MATGPK  GPLyUSET,STLRULV//CyNoL $
: 161 MATGPK  GPLsUSETySILsSUOV//C4N,O $
g 142 LABEL L3LY
i 156 USETyPGoULVUOOV 1¥SsGO0rGMyPSynFS s KSSyuR/ U6V PGG G/ Vo NgNSKIP/ ’ .
i CoNeSTATICS
3 158 CUND LBLE ,REPEAT 8

- o

159 REPT LBL11,100
1560 JumpP ERRURY ¢

161 PARAM F/CoNyNOT/V Ny TEST/V N, REPEAT

i 162 COwp ERRURS 4 TEST 8
{ 163 LABEL  L8L8 i
E 166 PSUATA,,UGV// 8

168 GURZD)  CASECC/CSTMyMPT DI Ty EQEXINY SILsLkTTeUTy86PUT) QG ULV IEST,4PGG/
UPGL 400G, OUGVLy 0ESLy OEFL PUGVL/L Ny >TATICS 3

174 PA4RAM J/Co Ny MPY/VyNoeCARONU/Cy Ny O/CyNsO §

175 OFp UUGVLy0PGL +0QGL¢DEFL,CLSLe/ 7V enpLARLUNY §
176 SAvE CHRONO $
185 Jump FINLIS 8

-

1866 LAEL ERRURY
187 PRTIPARM //CyNo=1/CoNySTATICS §
188 LABEL ERRUR2 ¢
189 PhTPARM  //CoNy=2/C4N,STATICS

190 LAGEL ERRON3 $

e riom e it

191 PRTPARM  //Cyhy~37CyN,STATICS .- -

194 LABEL ERRORT $
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APPENDIX C

RIVID FORMAT CMAP LISTING
SERIES N **x gASIC STATIC SUBSTRUCTURE ANALYSiIS #xe

RIGID FUKMAT 16 - SUBSEY TWO, SIXy, SEVEN, tIuhHT, wiht
NASTRAN SNDURCE PRCGRAN LUMPILATIOUN
OMAP-DMAP INSTRUCTION
Nd.
165 PRTPARM  //CyNe=5/CyN,STATICS $
166 LABEL +INIS $

19T END $

*¢NO ERRURS FOUND - EXECUTE NASTRAN PRuukAMes
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APPENDIX D
RIGID FORMAT DMAP LISTING FOR SPL 16,(3,6,7,8,9)
STATIC SUBSTRUCTURE ANALYSIS PHASE III

Subset 3 of Rigid Format 16 reduces the rigid format to a DMAP sequence
which solves Phase III of static substructure analysis. 71 - new module of
interest is UDBR, the User File Data Block Recovery, DMAP No. 152. The com-
pilation listing of this DMAP sequence constitutes the remainder of this
Appendix. Subsets 6,7,8 and 9 remove non-essential capabilities for the
purposes of this presentatiun. These capabilities, which may be utilized if
desired, are:

Subset Capability
6 Checkpoint
7 Structure Plotter
8 Grid Point Weight Generator
9 Property optimization

Appendix A contains a full listii'g of Rigid Format 16.
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RIGIU FURMAT UMAP LISTTING
SERIES N »x& pgASIC STATIC SUBSTRUCTURE ANALYSIS %#x

w1Glu FOKMAT lo = SUBSET THREE, SIX, SEVEN, clunTy NINE
NASTRAN SQCURCE PROGRKAN LOMPILATIUN
DMAP-OMAP INSTRUCTION
Nde
1 OBEGIN NO.16 BASIC STATIC SUBSTRUCTURE ANALYSIS = SERIES N $

2 FILE LLLTAPE §

10 GEOMLyGEOM2 ¢ /GPL 4EQEXINg GPOToCSTHy 0PUT ) SEL/VaNILUSET/ Vo Ny
NUGPUT  §
11 SAVE LUSET §

12 CHKPNT GPLyEQEXIN(GPDT,CSTMy BGPDTy SIL &

13 GEUM2,EQEXIN/ECT §

RS . L I X e

29 (uP3 UEOM3yEQFXIN¢GEOM2/SLT¢GPTT/Vying NUGRAV
30 SAVE NOGRAY
31 PARAM //Cy Ny AND/ Vo NogNOMGG/ Vo Ne NOGRAV/ V¢ Y1 GROPNT=~) $

32 PURGE MGGy MELMyMDICT/NOMGG 8

34 (JA) tCTeEPT85PDT o STLyGPTTyCSTM/ESTyul o GPECT, /VIN,LUSET/ VN
NOSIMP/CoNgY/VyNyNOGENL/VeNyGeNEL &

35 SAVE NOSIMP o NOGENL, GENEL $

36 PARAM  //CoiyAND/VyNyNOELMT /Vy Ny NOGENL/ Vs Ny NUSIHP §

37 COND ERRORG yNOELMT 8

38 PUKGE  KGGXyGPST/NOSTMP/OGPST/GENEL $

45 COND LBLLyNOSTHP §

46 PARAM /CoN s ADD/ Vo Ny NOKGGX/CoNe 1/ N0 O 8

47 GMG_D  EST4CSTMMPT DIV GEUM2, /KEL HykDILT 4 McLMaMDILT 4 ¢/ Vo Ny NOKGGXZ Vs
NeNUAGG/C o Ny /CoNg/CoNe /Yy CEUPMASS/ToY ¢ LPBARY oY 4 CPRUD/Cy Yy

CPUUADL /Co Yo CPQUALZ2/ Co Yo CPTRAL/LITILPTRIAZZ  CoYo(PTUBE/L Y,y
CPQOPLT/Cy Yy CPTRPLT/CyYoCPTRBSL 3

48 SAVE NOKGGX9NOMGG 8
50 COND JMPKGH ¢ NOKGGX $
51 (EMA GPECTKDICTLKELN/KGG X GPST §

53 LAdEL JMPKGG $

54 COND JMPMuGy NOMGG §
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RIGIVU FORMAT DMAP LISTING
SERIES N *#% btASIC STATIC SUBSTRUCTURE ANALYSLY *x»

RIGID FORMAT lo = SUBSEY THREE, SIX, SEVEN, clGHT, NINE

NU.
55
57
62
63
55
66
68
14
17

18

80
a1

83
84
85
86
87
88
89
9l
92
94
96
917

366

NASTRAN SOUPCE PROGRAM C UMPILATI UN
OMAP-DMAP INSTHRUCTION

LABEL
LABEL
EQUIV
COND

LABEL

PARAM

SAVE
CunND
PARAM

PURGE

CONU

SAVE
CUND
OFp
LABEL
EQulv
COND

LABEL
EQULV

GPECT ¢yMOTCT ¢ MELM/MGG /CeNy=1/C,YynTMASH=1.0

JMPMGG

LBL1 S

KLGX s KGC/NOGENL §

LBLL11AJNOGENL ¢

GEL g KGOX/KGG/ VeNoLUSET/Vy Ny NOLENL/ VeNgNOSIMP §

LBLllA ¢

7/CoNeMPY/VeNgNSKIP/CoNgO/CyNyO §

CASECC ¢ GEOML yEQEXINy SILyGPOT /b YSoUSET yaSET/VeNg LUSET/ VyNy
MPCFL/VaNyMPCF2/VeNe SINGLE/VyNgUMIT/ValNeabnCT/ Vyley NSKRIP/V iy
REPEAT/V " gNUSE'/VeNyNOL/VyNyiwUA/Ly Ye5UBIU §

MPCELyMPCF 29 STNGLE ¢yOMIT REACTyNSKRIP o REPEAT NUSET s NUL9NDA  §
ERKURI o NUL B

J/7CyNe AND/VoNyNOSR/V Ny SINGLE/VoNyREWCT §

KRRy RLR 4O ¢y DM/REACT/GM/MPCFL/LUoRUU, LUUY PUL VLUV  kUQV/OMIT/PS,y
KES¢KSS/STINGLE/QG/NOSR §

LBL4y GENEL
GPLyUPSTYUSETSTL/OGPST/VyNyNUGKST §
NUGPST 8

LBL4/NOGPST §
OGPSTossee//VeNyCARDNC §

LBl4e

KGGoKNN/MPCF1 §

LBL2yMPCF2 §

USET2G/GM 8

USEToGMyKGGy 99 /KNNygy §

Lal2 s '.

KNNoRFF/SINGLE §
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APPENDIX D

KIGIv FOR'TAT UMAP LISTING
SERIES N x** pASIC STATIC SUBSTRUCTURE ANALYSLS #x#

RIGLIU FORAAT 16 ~ SUBSET THREE, SIXy SEVENy tiLHT, NINE

NASTRAN SCUPRCE PROGRAM CUOMPILLATIUN
OMAP=UMAP INSTRUCTIGN

NG,
99 COND

100

:

102 LABEL
103 EQulv
105 COnD

1ve

¢

108  L&ABEL
109 EGUIV
113 CONU

114

C

116 LAGEL

11T (RBMG?

B

119 COND
120

@

122 LABEL

¢

1e3

129 EQUlv
131 CCND
132

b

134 LABEL

;

136

137 SAVE
139 CONO
140 MATGPR
141 MATGPR

LBL3,SINGLE §
USEToKNNey 9/ KFFoKFSyKSSypy $
LBL3 §

KFF KAA/OMIT 8

LBLS,OMIT §

USET ¢KFFey 9 /CO9KAAZKCTyLOUppeer
LBLS §

KAAKLL/REACT $

LBLOISEACT ¢

USET KAy /KLLyKLP¢KRRyyy §
LaLe ¢

KLL/ZLLY ¢

LBL7,REACT §

LLLy&LRyKRR/DM §

LBLT s

SLTsBGPDT CSTMySTLYEST g MPT g GPT Tyt LT yMUbLyLASECCHDIT/PG/V N,
LUSET/VeNyNSKTP §

PGoPL/NOSET ¢

LBL1OyNOSEY 8
USETyGMyYSeKFS 9GOy UMy PG/QRyPOyPSPL &
LBLlO ¢

LLLyKLL ¢ PLoLCOeXOD¢PO/ULVUCOV)RUL Vo RULV/V oy UMIT/V Yo IRES=-1/
VeNgNSKIP/VeNyEPS]I §

EPSI $
LBL9s IRES 8

GPLyUSET,STL,RULV//CoNsL 8
GPLyUSET,STL JRUCIV//C4NyO 8

367
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APPENDIX D

RIGIND FUKMAT UMAP LISTING
SERIES N *x¥ £,51C STATIC SUBSTRUCTURE ANALYSIS #+»

RIGID FORMAT 15 =~ SUBSET THREE, SIXy SEVEN, £iOGRT, MNINc

NASTRAN SOURCF PRCGRAM LUMPILATIUN
DMAP-UMAP INSTRUCTION

NUe

142 LABEL
151 PARAM
153 Ewuly

156 GuR1)

161 PARAM

162 CULND

168 GUk2D

165 JumMp
188 LABEL
189  PRTPARM
190  LABEL
191 PRTPARM
192 LABEL
193 PRTPARM
194 LABEL
195 PRTPARM

196 LABEL
197 END

LBLY $

//CoeN¢ADD/VyNyPHASEZ/CoyNyO/Cotvg=1 3

JULVAye 09 /CyYySUBRID/CyY9UNIT/L Yy USRTPIDZ §
ULVXoULV/PHASE3 §

USET 4 PGoyULVoUCOV ¢YSeGCoGMyPS e RFS e KSSy wk/UUV PGLyw G/ Ve Ne NSKIF/
CQN!STATICS $

F/7CoNeNOT/VyNyTEST/V ¢ NoREPEAT
ERRURS yTEST ¢

CASECCoyCSTMyMPT 4y DIToEQEXING SILsuPTT ot UTyBOGPUT 9 o UGoULVIEST 4PGG/
UPGLyNQGY s OUGVL 9 CESL ¢y CEFYyPUGVAL/LaNgSTATICS §

F/7CeNgMPY/VyNyCARDNO/CeNyO/CoNyuU §
OULV190P6G1 9yOQGL¢OEFL e CESLe//VyNgeCuRUND §
CARLIND ¢

FINIS 8

ERRUR2 $

//CoNy=2/CoNySTATICS §

ERROR3 §

//CyNy=2/CyN,STATICS § .
ERRORG $

//CoeNy=4/CyN,STATICS

ERRORS $

F/CenNg=5/CoNoSTATICS

FINIS $

s

®¥NQ ERRCKRS FOUND - EXECUTE NASTRAN PhULhAMe»
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APPENDIX E
RIGID FORMAT DMAP LISTING FOR S@L 17,(2,6,7,8)
NORMAL MODES SUBSTRUCTURE ANALYSIS PHASE II

s S b e
R
3 WETRR A

. Subset 2 of Rigid Format 17 reduces the rigid format to a DMAP sequence
g. which solves Phase II of normal modes substructure analysis. The new modules
!%‘of interest are SSMA, the Substructure Matrix Assembler, DMAP No. 5, and SSVE,
£ the Substructure Vector Extractor, DMAP Nc. 127. The compilation listing of
% this DMAP sequence constitutes the remainder of this Appendix. Subsets 6, 7
¥ and 8 remove non-essential capabilities for the purposes of this presentation.
Bs These capabilities, which may be utilized if desired, are:

S g e Ay easiig v

Subset Capability
6 Checkpoint
7 Structure Plotter

o

Grid Point Weight Cenerator

& O s WP s, b

P

:u&'"" § P A LS

H
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APPENDIX E

RIvIU FORMAT UMAP LISTING
SERIES N ##=% BASIC NO°MAL MODES SUGSTRUCTURL wHNALYSio> *%#

RIGIV FOPMAT 17 - SUASET TwC, SIX, SEVEN, tiond

Na-

1
2
4

[
[ V]

40
42

370

NAST"kKkAN SOURCE PROGRAM LUMNMPILATIUN
DMAP=UMAP INSTRUCTION

BEGIN
FILE

PARAM

SAVE
PARAM
CONG
PURGE
CuND
PARAM

PARAM

v

SAVE

CUND

rDel7 BASIC NORMAL MODES SUBSTRULTURE ANALYSIS ~ SERIES N §
LLLsTAPF §
/7CyNy ADD/VyNgPHASE2/CoeNyO/CoeNy~1 &

GEUM4  UF TABL E/KGGPSyMGGOPS 9 99 PSUATAZCp Yo PRTUPT /L, Yo GENSAME/V g Ny
LuSeT 8

LUSET $
KGGP Sy MGGP Sy PSDATA §

GEUML ¢ GEOM2 4 /GPLJEQEXINsGPDT oL STMyuGruT o SIL/VeNsLUSETYZ  VyNy
NUGPUT §

LUSET 8
LEOM24EQEXIN/ECT §
IV Ny RCORAY §

ECToEPT4RGPDT o SILyGPTT,CSTM/ESTyLLL suPECT o /VyNyLUSET/ VoNy
NUSIMP/CyNy1/VyNyNOGENL/VoNyGENEL §

NOGENL ¢ NDSIMPGENEL §

77CoNy ADD/ Vo NyNOELTS/ VN PHASEZ/ Ve NINUSINP &

ERROR1 ¢yNDELTYS

KGGA 3 GOSTy MGL/NNSTMP/COPST/GENEL &

LBLYyNCSTMP

//Coido ADD/ Ve Ny NOKGGX/CoNo1/CoNyO »

J1CeNs ADD/VeNeNOMGG/CoNgL/C Ny

ESToLSTUYMPT DIT oGEOM2y /KELMeKUILT yMcLMgeMULLT g9/ Vgl UKGGXZ Vo
Ny NOMGG/CoNe /CoyN 9 /CoNo /Co Y9 COUPMADS/Lp YyLrBAR/CeY 9 CPRUD/Ly Yy
CPQUADL/Co Yo CPQUAD2/Co Yy CPTRIAL/L Yo LPTRIAZ/Z CoYoCPTUBE/L Y,
CPOUPLY/Cy Yo CPTRPLT/ZCy Vo CPTRBSL &

NUKGGX 9 NOMGG $

JHPKGG.N&KGGX S

GPECT o KDICT XELM/KGG Xy GPST 8



APPENDIX E ‘

. ¢
. E RI6ID rORMAT UMAP LISTING
: & SCRIES N *#% CASIC NOFWAL MOUES SUBSTRUCTUKL ANALYSIS ses

RI1GID FUKRMAT 17 = SUBSEY TwWO, SIX, SEVENs Elun’

NASTRAN SOURCE PKOGRANMW CUMPILLATION
DMAP=UMAP INSTRULCTION

NO.
45 LAGEL JMPKGG 8
46 CONY ERRUR1 10466 $

01 GFAD  WPECTyMDITJ MELM/AGGS/CyNo=1/Ls Yy mTHASSE1.0 8
52 LABEL LsLl

53 EQUIV  KuGXyKGG/NOGENL $

54 CHKPNT KOG &

55 (OND LBLYI1 o NCGENL §

56 GELoKGGX/KGG/Vy Ny LUSE T/VyNyNUENLS Vg NUSIMD &
58 LAGEL  LoLll

60 ADD AGGIKGGPS/KGGT 8

61 EQUIV  KGGT,KGG/PHASEZ §

42 ADD ML NRCOC/MCET o

64 EQUIV  MUGT,MGG/PHASE2 §

65 CHKPNT MGG §

67 PARAM  //CoNyMPY/VyNyNSKIP/CyN,0/CoNsv 8

68 Gre CASECE s GEOMA JEQEXING SILGPOT/niy s USET o ASET/Vang LUSET/ Vo Ny

MPCSL/VaNyMBCF2/VoNe SINGLE/VonqUMIT/VyNghEabT/VeNgNIRIP/V Ny
AEPLAT/VNINOSET/VoNgNOL/VeNenUA/Lp Yo 3UBIL 8

69 SAVE MPCFLoMPCF2, STNGLE,OMITyREACT ,SNIPhEPEAToNDSET o NOL o NOA §
70 CUND ERKURI,NOL
71 PURGE KRRoKLE qOMoMLR o MRZREACT/GM/MPLFL/WU/URLT/RES/ S INGLE/WG/NUSE. & %‘
79 EQUIV  KGGoKNN/MPCF1/MGGyMNN/MPCF] § %
81 CONL LBL2,MPCF2 8 j
2 (HCEL D  USET.RG/GM § :
84 (ACEZ)  USET,GMIKGGIMGGye/KNN,MNNyy §
86 LABEL L2 s
87 EQUIV  KNNoKFF/SINGLE/MANy MFF/SINGLE o

M *




APPENDIX E

RIGID FORMAT UMAP LISTING
SERIES N *s* tASIC NOPMAL MODES SUBSTRUCTURE wiNALYS]IS ®ax

RIGID FURMAT 17 - SUBSFT TWO, SIX, SEVEN, cluHT

NASTRAN SCURCE PROGRAM CUMPILATIOUON

DMAF=UMAP INSTRUCT JON
‘ NU.
‘ ! 89 COUND LBL3,SINGLE §
3 90 GCELlD  USETIKNNoMNNyy/KFFoKFSy o MFigy 3
\; ‘ 92 1ABEL  LBL3 ¢
! 93 EQUIV  KFF,KAA/OMIT 3
% i 94 EQUIV  MEF MAR/OMIT
' ] 96 CUND LBLSyONIT ¢
g 97 USEToKFFyy s/ GOsKAAKOCoLOOy sy oy 8
: 99 (GHPZ D  USET,GOJMFF/MEA 8
101  LABEL LBLS ¢
{ 106 CCN L3Lo,PEACT 8
v 107 USEToKAA MA&/KLL ¢ LKy KRRy MLLyMLAoHRK §
1090 (SoMGZY  xLL/LbL o
11 LLLIKLP KRR/ CM 3
113 UMIMLL o MLR MPR/MR §
115 LasEL  Lole ¢
116 UYNAMTC S, GPL o STLUSET/GPLO s STLOIUSETUs e a0y EEDSEMUYAZV N,
LUSET/voNy LUSETD/V NoNOTFL/Vons NUULT/V o Ny WOPSDL/Veivg NOFKLZ Vo
NoNUNLFT/VoNoNOTRL/V o NoNGEED/L s No /Voivs NUUE #
117 SAvE NUEED
] 118 COND ERRUR2,NOSED $ .
. 120 EADD  KaAsMAA MRy DMy EEDyUSETy CASECC/ LiMn o PHIAL M OE1GS/CyNyHODES/V o Ny 3
Lo NEIGY 8 3
, 121  SAVE NEIGV 8 §
123 FARAM  //CoNoMPY/VyNyCARDNO/CyNoO/CyNs0 &
i 124 OFp LAMALOETIGS 45 0//VoNsCARDND §
125 SAvVE CARUNDG &
PSOATALLAMA,PHIAZ/ §
133 CuN FINISINEIGY §
o

3712 ;
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RIGIV FURMAT
SERIES N »»s

REGEY FURMAT

NO.
134
136
137
139
140
141
143
148

149
150
156
157
158
159
160
181
l62
163
164

NAST
OMAP=UMAP IN

GLl D)

PARAM
EQULV
CUND
SAVE

LABcL

QD

OF?
SAVE
JUMP
LABEL
PRIPAKM
LAGEL
PRTPARM
tAdkl
PRTIPARM
LAoEL
ENY

K
S

APPENDIX E

uMAP LISTING
BASIC NCoVAL MODES SU3STRUCTURE ANALYSLS »s»

17 = SUBSET TwOy SIX, SEVEN, tiund

AN SOURCE PROGRAM (OGCMPILATION
TRULTION

USET s 0P !TAyy 9GO GAg o KFSee/PHIGI WL /Lela L /L eNsRELL B
//7CoeNs SUR/VyNySCALAR/ Vo Ny STL/VyNyLUSET 8

SILs SIP/SCALAR/BGPLT yBGPDP/SCaLAN §

LBLT7ySCALAR

BUPLTs SIL/BGPOPySIP/VeNsLUSET/ voiveludeP §

LUSEP §

LBLT7 ¢

CASELC CSTMaMPTY 4y DIT EJERINgSTL 999 0GPUP Y LAMAIGWLIPHIGIEST 90/
UGl o OPHIGIOESY g OEFL s PPHIG/Cotvancz il $

UPHIGs0QG +OEFYyOESLy o//V i NsChhUNU 3
CARUNN 8

FINIS 8

ERRURY $

7/CoNo=1/CoNoMODES

ERRUR2 §

4/CoNy=2/CoNyMODES §

ERRUR? 3

7/CoNy=2/CoNyMODES

FINLIS 8

®ONO ERRCRS FIUND = EXECUTE NASTRAN PhUGAAM®S

35
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APPENDIX F
UFTABLE USAGE W'TH RIGID FORMATS 16 AND 17

Subset O requires a dummy form of the direct input table UFTABLE as
shown:

DTl UFTABLE [0
D71 UFTABLE

DUMNY [DATA  |FPR  |SUBSET | ZERP | ENDREC

-—

Subsets 1 and 3 do not need or use UFTABLE.

Subset 2 requires UFTABLE for information about the Phase I user files,
identification of identical substructures, and, if desired, a user defined
label for the coupling phase output user file. The content of the table will
vary depending on where the Phase I materials were generated (e.g., Rigid
Format 16 subset 1 or Rigid Format 1 with alters). The minimum data require-
ments are illustrated in example a. below with example b. showing the form
for identifying items generated by rigid foimats other than the coupling

R A = < Moo | b B ey ot Ay e e ot -

phase rigid format.
EXAMPLE a. (four substructures, N=4)
Card 1 2 3 4 5 6 7 8 9 10
1 {oTI_ [UFTABLE (0 4 16 T
2 (DT |UFTABLEN 2 INP)__ WIDGETO2 ENDREC | ‘
‘ 3 [pTl__ IUSTASLE|2 4 INP2__ [WIDGETO4 Igﬁggggrﬁ_“__ i ;
: & [T [UFTABLE|3 6 INP3 Fw‘s_no_a o leworec ;|
) 5 ol UFTABLE 14 9 INPA___IWIDGETO9 _ |ENDREC
i 6 (0TI _|UFTABLE|S 0 INPT___[WDGTPH2 |ENC..EC '
’ EXAMPLE b. (five substructures, N=5)
i
‘ Card 1 2 3 4 5 6 7 8 9 10
1 P_n UFTABLE] 0 | 5 v +A00
2 joTl _ urTABLL, 1, Y0 I¥PY  IGREUPY ENCRIC [+AOY
32 [DYI  |UFTABLE 2] 33 INP4  [PLTA  [104823 |MAMES |+AO?
3 [+A02 |A ASI38 | K KLLI3 | m [Miaar ENDREC [+A03
4 [oT1__ UFTABLE 3123 | 2 |ENDREC | +A04
5 [oTl1  |UFTABLE 416 10 ENDREC 4705 _
6a 0TI |UFTABLE 5 {237 1NP3 +A06
6b [+A06 |A 3 x 1 [ u 2 ENDREC {+A07 )
¢
37

. - \ , > . - T T T EEE e wrap—
—e



UPRP— 0 J

Remarks:

u me

R - A 3 ey

1.

APPENDIX F

Card 1 defines the trailer for UFTABLE. Field 4 specifies that the

table has N substructures. SSMA will use the information in field 5
to recognize that the tables were prepared for use with Rigid Format
16 and 17 for examples a and b respectively.

Cards starting with card 2 define records 1 thru N of UFTABLE, where
N is the number of substructures. Field 4 gives the substructure

identification number for use with the Phase II SAME bulk data cards
and the Phase IIl data recovery module UDBR. Field 6 gives the GIN®

file name for the User File containing the data for each substructure.

Field 7 contains the User File Label for SSMA verification. Field 8
contains an optional tape reel identification number.

Optional data (shown in example b on card 3) is input whenever the

data blocks required are not in the expected order on the User File
as defined by the convention established for the Rigid Format being
utilized. In the example, the ASET data block has the name AS13B,

the stiffness matrix has the name KLL13 and the mass matrix has the
name M134F.

In example a, card 6 defines the User File Label and GIN@ file name

to be used by SSVE when writing the Phase II output onto a User File.

In example b, since five substructures are present and no card 7 is
input, default values will be automatically implied.

375
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APPENDIX G
SAMPLE PROBLEM DATA DECK LISTING

As an illustration of the automation that is intrcduced as a result of
this new capability, the example used in the NASTRAN User's Manual (reference
2, p. 1.10-2 (6/1/72)) will be presented here. The sketch below shows the
model for the problem being soived.

Q O O @ Q@
O O O O 8 "

Substructure 1 Substructure 2
4 4
@ @ O PO O O
77 L I L | 5 LsJ »k L | = a,j,y
@ ©) @ @ @

-z
-

®  Grid point numbers

Element numbers

@ = 6.096 m (240 in)
: = 207 GPa (30 x 100 psi)
| =208 x 10 m? (500 ind)
P = 4.448 kKN (1000 Ib)
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APENDIX G

The following data deck is used for Phase I of substructure 1:

1D PHASE ONE $

TIME 2

CHKPNT  YES

APP DISP

SpL 16,1

CEND

TITLE = PHASE @NE - SUBSTRUCTURE 1 - RIGID FPRMAT 16

SPC = 101

BEGIN BULK

ASET 3 126

CBAR 1 10 1 2 1.0 1
CBAR 2 10 2 3 1.0 1
GRID 1 345
GRID 2 240. 345
GRID 3 . 480, 345
MATT 11 30.+6

PARAM  SUBID 10

PARAM  USRTPID1 BEAMS]

PBAR 10 n 60. 500.

SPC 101 1 12

ENDDATA

3717
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Ihe tollowing data deck 1S used Tor Piiase I of suustiucturc 2:
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APPENDIX G

TITLE = PHASE @NE - SUBSTRUCTURE 2 - RIGID F@RMAT 16

ID PHASE @NE $

TIME 2

CHKPNT  YES

APP DISP

SPL 16,1

CEND

SPC = 201

LPAD = 202

BEGIN BULK

ASET 3 126

CBAR 3 10 3
CBAR 4 10 4
CBAR 5 10 5
FARCE 202 3

FORCE 202 4

GPID 3 480.
GRID 4 720.
GRID 5 960.
GRID 6 1200.
MAT1 11 30.+6

PARAM SUBID 20

PARAM USRTPID1 BEAMS2

PBAR 10 11 60.
SPC 201 6 2
ENDDATA

1000.
1000.

500.

1.0
1.0
1.0
-1.0
-1.0

345
345
345
345

PR S



APPENDIX G

The following data deck is used for Phase II.

1D PHASE TW@
TIME 2
APP DISP
SpL 16,2
CEND
TITLE = PHASE TWQ - RIGID F@RMAT 16
BEGIN BULK
0TI UFTABLE 0 2 16 :
DTl UFTABLE 1 10 INP3  BEAMST ENDREC
DTI UFTABLE 2 20 INP7  BEAMS2 ENDREC
DTI UFTABLE 3 0 INPT  BEAMPH2 ENDREC
PARAM  GENSAME 1
ENDDATA

The NASTRAN Data Deck for the Phase III analysis of substructure 1 is given as

follows:
ID PHASE THREE $
TIME 2 E
APP DISP -
SpL 16,3 &
READ CARDS FRPM 3 $ RESTART DICTIPNARY FRPM UNTT 3 ég
CEND @
TITLE = PHASE THREE - SUBSTRUCTURE 1 - RIGID FPRMAT 16 &
DISP = ALL R
ELFARCE = ALL L
PLPAD = ALL .
SPCFPRCE = ALL 5
BEGIN BULK B
PARAM  USRTPID2 BEAMPH2 -

ENDDATA 319 hE:



APPENDIX G

The NASTRAN Data Deck for the Phase III analysis of substructure 2 is given

below:
' 1D PHASE THREE $
f TIME 2
: APP DISP
; soL 16,3
% READ CARDS FR@M 92 § RESTART DICTIPNARY FR@M UNIT 92
g CEND
f : TITLE = PHASE THREE - SUBSTRUCTURE 2 - RIGID FPRMAT 16
f 2 DISP = ALL
* % ELFORCE = ALL
i ; PLAD = ALL
tA»‘ SPCFPRCE = ALL
, | BEGIN BULK
S PARAM  USRTPID2 BEAMPH2
; ENDDATA

= i
o

3 |

| |
o= |
Lf
.
380
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TABLE 2
ASSUMPTIONS AND RESTRICTIONS

Only one (1) Tevel of substructures is allowed.
The Number of substructures may not exceed twenty (20).

Coordinate systems of points to be coupled are parallel.
This is not verified by program.

Degrees of freedom at two points to be coupled are the
same. Exceptions can be handled via multipoint con-
straints in Phase II.

The sequence (internal) of points along the boundary
between any two substructures is the same.

A1l subcases must be defined in the Case Control Decks
for all runs.

Static loads applied geometrically must be defined in
Phase I. lLoads may be applied to the pseudostructure
degrees of freedom in Phase Il in the usual way.

Output obtained in Phase II must be requested using
pseudostructure degree of freedom identifiers.

Only a single boundary condition is considered;

geometrically specified boundary conditions must be
defined in Phase I.

3d3

S
B %

N -Lﬂ%‘%;
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SUBSTRUCTURE / /

O~
>

SUBSTRUCTURE E

SUBSTRUCTURE E]

(For clarity, only connected points on the top surface are shown.)

FIGURE 1.  SAMPLE STATIC SUBSTRUCTURE ANALYSIS PROBLEM MODEL
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The pseudomodel map shown below wes generated by module PVEC for the structure
shown in figure 1.

Internal

DAF

Substructure Identification Number

2 4

4001-3
4002-3
4004-3
4005-3
4006-3
4007-3
4008-3
4009-3
4013-3
4016-3
4019-3
2002-3 4022-3
2003-3 4023-3
2004-3 4024-3
2005-3 4025-3
2006-3 4026-3
2007-3 4027-3
2008-3 4028-3
2009-3 4029-3

For clarity, only the "3" degree of freedom is shown.

Single-point constraints have been applied to point 1 in

6

6013-3
6016-3
6019-3
6021-3
6022-3
6024-3
6025-3
6026-3
6027-3
6028-3
6029-3

9

9001-3
9004-3
9007-3

9014-3

9017-3
9021-3
9024-3
9027-3

substrurture 2 and point 3 in substructure 4.

FIGURE 4.

PSEUDOMODEL MAP
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ID PHASE PNE

TIME 10
CHKPNT  YES,DISK
APP DISP
SPL 16,1 $ BASIC STATIC SUBSTRUCTURE ANALYSIS
CEND

ECase Control Beck{
BEGIN BULK

:Structural Data for Substructuxe{
PARAM  SUBID 10
PARAM  USRTPID! ABC
ENDDATA

Notes:

1. Solution subset 1 is used for Phase 1 ru...

2. User-specified substructure identification number.

3. User-specified User File identification code.

FIGURE 5
LEVEL 16.X PHASE 1 DATA DECK

R R G R T



(1)

(2)

(3a)
(4)

(3b)

ID PHASE TWP

TIME 10
APP DISP
SPL 16,2 $ BASIC STATIC SUBSTRUCTURE ANALYSIS
CEND
}Case Control Decki
BEGIN BULK
{DTI definition of User File Data"
PARAM  GENSAME -1
PARAM  PRT@PT 1
‘Coupling Data (can be optionalﬂ
) }
ENDDATA

Notes :

1. Solution subset 2 is used for Phase II runs.

2. User-specified data providing

a. Number of substructures

b. Identification numbers for both real and
identical substructures

c. User File Data Location Information and
Identification Codes

3a and b. Coupling Information

(a) GENSAME=+1 means coupling data automatically
generated
GENSAME=-1 means coupling data supplied by user
via SAME cards (fig. 10).

(b) See figure 8.

4. Pseudostructure map print option.

FIGURE 6
LEVEL 16.X PHASE Il DATA DECK

389
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’D PHASE THREE

TIME 10
APP DISP
i) SPL 16,3 $ BASIC STATIC SUBSTRUCTURE ANALYSIS
(2) READCARDS FRPM 3 $ RESTART DICTIPNARY FR@M UNIT 3
CEND
{Case Control Deck%
BEGIN BULK
(3) PARAM  USRTPID2 XYZ
ENDDATA
Notes:

1. Solution subset 3 is used for Phase III runs.

2. The Problem Tape Dictionary is recovered from Unit 3.

3. User-specified User File Identification Code from

Phase II.

FIGURE 7
LEVEL 16.X PHASE IIT DATA DECK

1
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Input Data Card SAME Joining Data

Description: Defines grid or scalar points which are to be coupled in a
substructure analysis.

Format and Example:

1 2 3 4 5 7 10
SAME S G S G S G S G Jabc
; SAME 3 79 4 216 6 93 ABC
? -
; +be S G S G etc.
E +BC 7 42
: Alternate Form etc.
é SAME S Gl "THRU" | G2 S Gl “THRU" | 62 |+abc
, SAME 10 1 THRU 60 20 101 THRU 160 |ABC
+abc S l G “THRU" G2 etc.
+BC 30 | 52 THRU | 585
A etc.
Field Contents
S Substructure identification number (Integer > 0)
G, G1, G2 Grid or Scalar point identification number (Integer > 0;
Gl < G2)
Remarks :

1. Up to four grid or scalar points (in four different substructures)
may be coupled by a single card. As many continuation cards as
required may be used.

2. No degrees of freedom of coupled points may be members of cthe o-set.

3. The substructure identification numbers should be written in
ascending order.

4. If two SAME cards are to be joined, the highest numbered sub-
structure entry on the first one should be repeated on the second
one.

5. If the alternate form is used, all of the grid and scalar points Gl
thru G2 are assumed. Each G1 THRU G2 sequence must define the same
number of points.

FIGURE 10.  SAME CARD DESCRIPTION
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